CLINICAL REPORT
Optimizing Bone Health in Children and Adolescents abstract The pediatrician plays a major role in helping optimize bone health in children and adolescents. This clinical report reviews normal bone acquisition in infants, children, and adolescents and discusses factors affecting bone health in this age group. Previous recommended daily allowances for calcium and vitamin D are updated, and clinical guidance is provided regarding weight-bearing activities and recommendations for calcium and vitamin D intake and supplementation. Routine calcium supplementation is not recommended for healthy children and adolescents, but increased dietary intake to meet daily requirements is encouraged. The American Academy of Pediatrics endorses the higher recommended dietary allowances for vitamin D advised by the Institute of Medicine and supports testing for vitamin D deficiency in children and adolescents with conditions associated with increased bone fragility. Universal screening for vitamin D deficiency is not routinely recommended in healthy children or in children with dark skin or obesity because there is insufficient evidence of the cost-benefit of such a practice in reducing fracture risk. The preferred test to assess bone health is dual-energy x-ray absorptiometry, but caution is advised when interpreting results in children and adolescents who may not yet have achieved peak bone mass. For analyses, z scores should be used instead of T scores, and corrections should be made for size. Office-based strategies for the pediatrician to optimize bone health are provided. This clinical report has been endorsed by American Bone Health. Pediatrics 2014;134:e1229-e1243
The antecedents of osteoporosis are established in childhood and adolescence, and the pediatrician plays a major role in helping optimize bone health in the pediatric age group. Osteoporosis, a disease of increased bone fragility, is a major cause of morbidity and economic burden worldwide. It is estimated that by the year 2020, one-half of Americans older than 50 years will be at risk for osteoporotic fractures. 1 Once thought to be an inevitable part of aging, osteoporosis is now considered to have its roots in childhood, when preliminary preventative efforts can be initiated. In fact, bone mass attained in early life is thought to be the most important modifiable determinant of lifelong skeletal health. 2 Osteoporosis is not restricted to adults; it can occur in children and adolescents. The aim of the present clinical report was to review bone acquisition during infancy, childhood, and adolescence; discuss assessment of bone health, particularly as it applies to children and adolescents; and update pediatricians on strategies to improve bone health in the pediatric age group. Bone health needs of pregnant women, lactating mothers, and preterm infants are discussed elsewhere. 3, 4 This clinical report has been endorsed by American Bone Health, a national, communitybased organization that provides education programs, tools, and resources to help the public understand bone disease and bone health.
BONE ACQUISITION DURING CHILDHOOD AND ADOLESCENCE
Bone is a living structure comprising a matrix of collagen, hydroxyapatite crystals, and noncollagenous proteins. The matrix becomes mineralized with deposits of calcium and phosphate, which confers strength to the structure. Bone mineral deposition begins during pregnancy, with two-thirds of in utero accrual occurring during the third trimester. 5 Bone mineral content (BMC) increases 40-fold from birth until adulthood, and peak bone mass is achieved toward the end of the second decade of life, although there may still be some net bone deposition into the third decade. [6] [7] [8] [9] [10] [11] Approximately 40% to 60% of adult bone mass is accrued during the adolescent years, with 25% of peak bone mass acquired during the 2-year period around peak height velocity. After infancy, peak bone mineral accretion rates occur, on average, at 12.5 years for girls and 14.0 years for boys. 12 At age 18 years, approximately 90% of peak bone mass has been accrued. 13 Childhood and adolescence, therefore, are critical periods for skeletal mineralization. Age of peak bone mass accrual lags behind age of peak height velocity by approximately 6 to 12 months in both boys and girls. 12 This dissociation between linear growth and bone mineral accrual may confer increased vulnerability to bone fragility and may explain, to some degree, the increased rate of forearm fractures in boys 10 through 14 years of age and in girls 8 through 12 years of age. 14, 15 After peak bone mass is achieved, there is a slow but progressive decline in bone mass until a theoretical fracture threshold is reached. Any condition interfering with optimal peak bone mass accrual can, therefore, increase fracture risk later in life.
The skeleton is an active organ, constantly undergoing remodeling, even after linear growth has been completed. During remodeling, bone formation, mediated via osteoblasts, and bone resorption, mediated by osteoclasts, occur concurrently. Remodeling is regulated by local cytokines as well as by circulating hormones, including parathyroid hormone (PTH), 1,25-dihydroxyvitamin D (1,25-OH 2 -D), insulin-like growth factor 1 (IGF-1), and calcitonin. In young children, the rate of cortical bone remodeling is as high as 50% per year. Net bone mass depends on the balance between bone resorption and bone formation. If formation exceeds resorption, as it should during childhood and adolescence, net bone mass increases. If resorption exceeds formation, net bone mass is reduced.
PRIMARY PREVENTION: OPTIMIZING BONE HEALTH IN HEALTHY CHILDREN
Factors affecting bone health are shown in Table 1 . Genetic factors account for approximately 70% of the variance in bone mass, 16 although no specific responsible genes have been identified. Male subjects have higher bone mass than female subjects, and black women have higher bone mass than white non-Hispanic women or Asian women. Mexican-American women have bone densities between those of white non-Hispanic and black women. Modifiable determinants of bone mass include nutritional intake of calcium, vitamin D, protein, sodium, and carbonated beverages (ie, soda); exercise and lifestyle; maintenance of a healthy body weight; and hormonal status. Nutrition and physical activity are each necessary and function synergistically to improve bone acquisition and maintenance.
CALCIUM
Calcium is necessary for bone accretion, and dietary calcium intake during infancy, childhood, and adolescence affects bone mass acquisition. Approximately 99% of total body calcium is found in the skeleton, and calcium is absorbed by both passive and active transport, the latter mediated by vitamin D. Milk intake during childhood and adolescence is associated with higher BMC and reduced fracture risk in adulthood. 17 The Institute of Medicine (IOM) has published updated dietary reference intakes for calcium and vitamin D, and the American Academy of Pediatrics (AAP) endorses these recommendations for infants, children, and adolescents (Table 2) . 18 The recommended dietary allowance (RDA) is the dietary intake that meets the requirements of almost all (97.5%) of the population. Adequate intake is a single value likely to meet the needs of most children and is used for infants younger than 12 months, for whom RDAs have not been established. The upper limit represents the highest average total daily intake likely to pose no risk of adverse health effects for most people in that age group.
Sources of Calcium

Term Infants and Children
The primary source of nutrition for healthy term infants in the first year of life is human milk or, alternatively, infant formula if human milk is not available. Although the BMC may be higher in formula-fed infants than in breastfed infants in the first year of life, the breastfed infant does not demonstrate any evidence of clinical mineral deficiency, and there is no evidence that the breastfed infant should not be the standard for bone mineral accretion. No data support high mineral intake or supplementation with calcium for healthy breastfed infants. 19 After the first year of life, the major source of dietary calcium is milk and other dairy products, which together account for 70% to 80% of dietary calcium intake. Each 8-oz (240-mL) serving of milk provides approximately 300 mg of calcium, and the calcium content of low-fat or flavored milk is similar to that of whole milk (Table 3) . 20 However, low-fat chocolate milk contains added sugar and more calories than does low-fat plain milk. 
Preadolescents and Adolescents
The calcium RDA for preadolescents and adolescents aged 9 through 18 years is 1300 mg/d. In the United States, the average dietary calcium intake of adolescent girls is 876 mg/d (67% of the RDA), and less than 15% meet the RDA. 22 In 2011, only 14.9% of high school students drank three or more 8-oz servings of milk per day, with only 9.3% of girls doing so. 23 Milk consumption by adolescents has declined at the same time that soda consumption has increased. 24 Some adolescent girls avoid milk products because they consider them to be "fattening." Such myths should be dispelled. 25 Further research is needed regarding the mineral levels and bioavailability of these beverages.
Lactose intolerance occurs in children and adolescents and is more common in black, Hispanic, and Asian subjects. Some of these children and adolescents will be able to tolerate small amounts of dairy products other than milk. Others may benefit from lactosereduced or lactose-free milks and cheeses and/or lactase enzymes. 26 
Calcium Supplementation
Although a number of studies have demonstrated a positive effect of calcium supplementation on BMC in healthy children and adolescents, 27,28 a recent meta-analysis of randomized controlled trials examining the effectiveness of calcium supplementation in increasing BMD in healthy children found that there was no effect of calcium supplementation on BMD of the lumbar spine or femoral neck; a small effect was noted on upper-limb BMD and total body BMC equivalent to approximately 29 The investigators concluded that, from a public health perspective, calcium supplementation of healthy children is unlikely to result in a clinically significant reduction in fracture risk. For most children and adolescents, the emphasis should be on establishing healthy dietary behaviors with a well-balanced diet that includes calcium intake at or near the recommended levels throughout childhood and adolescence. In 2011, the IOM revised the RDAs for vitamin D intake to be higher than previous recommendations (Table 2) , and the AAP endorsed these recommendations. 31 Vitamin D deficiency results in rickets in young children (peak incidence: 3-18 months of age) and increased fracture risk in older children, adolescents, and adults. Deficiency is particularly common in those living in northern climates, those with dark skin, and those with inadequate exposure to sunlight, but deficiency also occurs in sunny climates. 32, 33 National US data reveal higher rates of vitamin D deficiency in adolescents compared with younger children 34 48 The daily upper limits are as follows: infants up to 6 months of age: 1000 IU; infants 6 to 12 months of age: 1500 IU; children 1 through 3 years of age: 2500 IU; children 4 through 8 years of age: 3000 IU; and children and adolescents 9 through 18 years of age: 4000 IU ( Table 2) .
Assessment of Vitamin D Status
Measurement of serum 25-OH-D concentration reflects both endogenous synthesis and dietary intake of vitamin D and is the optimal method of assessment of vitamin D status. 45 The 2011 RDAs were selected to ensure that nearly all those who receive the RDA will have a serum 25-OH-D concentration greater than 20 ng/mL. This value was derived on the basis of an assumption of minimal exposure to sunlight and minimal solar vitamin D conversion. The 25-OH-D concentration of 20 ng/mL was also set as a target by the Pediatric Endocrine Society and the European Society for Paediatric Gastroenterology, Hepatology and Nutrition. 44, 49 In contrast, the Endocrine Society has defined vitamin D deficiency as a 25-OH-D concentration <20 ng/mL (50 nmol/L) and insufficiency as a 25-OH-D concentration between 21 and 29 ng/mL (52.3-72.5 nmol/L). 45 Controversy remains as to whether there are specific health benefits to a higher target, such as 30 ng/mL or higher, for healthy children. In a population of healthy white Danish and Finnish girls, a daily intake of approximately 750 IU of vitamin D was necessary to enable 97.5% of the subjects to achieve a 25-OH-D concentration above 20 ng/mL, in support of the IOM recommendations. 50 
Screening for Vitamin D Deficiency
Evidence is insufficient to recommend universal screening for vitamin D deficiency. The Endocrine Society recommends that "at-risk individuals" should be screened; these include children with obesity, black and Hispanic children, children with malabsorption syndromes, and children on glucocorticoid, anticonvulsant, antifungal, and antiretroviral medications. 45 There is concern, however, with these recommendations, because they would involve screening, treating, and retesting large numbers of children without good evidence of the cost-benefit in reducing fracture risk (as opposed to improving serum 25-OH-D concentrations) in a healthy population. 51 
SODA CONSUMPTION, PROTEIN, AND OTHER MINERALS
In 2010, 24.3% of US high school students drank at least 1 serving of soda daily. 56 A recent meta-analysis of 88 studies reported that soda consumption is associated with lower intake of milk and calcium, and larger effect sizes were found with longitudinal and experimental studies compared with cross-sectional studies. The replacement of milk in the diet by soda can prevent adolescents from achieving adequate calcium and vitamin D intake, and because soda consumption has no health benefit, it should be avoided. 57 Diets low in protein or high in sodium will predispose subjects to reduced e1234 FROM THE AMERICAN ACADEMY OF PEDIATRICS calcium retention. 58, 59 Sodium and calcium share the same transport system in the proximal tubule, and a high-sodium diet promotes increased urinary calcium excretion and should be avoided.
EXERCISE AND LIFESTYLE
Mechanical forces applied to the skeleton (mechanical loading) increase bone formation, and weight-bearing exercise improves bone mineral accrual in children and adolescents. 60 In healthy children, an exercise program incorporating high-impact, low-frequency exercises such as jumping, skipping, and hopping for 10 minutes 3 times a week increased BMD of the femoral neck in the intervention group compared with control subjects. [61] [62] [63] The greatest effect was observed in children in early puberty. A populationbased prospective controlled trial in Sweden demonstrated that a schoolbased, moderately active, 4-year exercise program increased bone mass and size in children aged 7 through 9 years without increasing fracture risk. 64 Adolescent female athletes have higher BMD than nonathletes, provided they are menstruating regularly. When female athletes become amenorrheic, the protective effect of exercise on BMD is lost. 65 Children who are immobilized have rapid declines in bone mass.
Increases in BMD are site specific, depending on the loading patterns of the specific sport. For example, BMD is greater in gymnasts at the hip and spine, in runners at the femoral neck, and in rowers at the lumbar spine; tennis players have higher radial BMD in the dominant arm than in the nondominant arm. High-impact sports (eg, gymnastics, volleyball, karate) or odd-impact sports (eg, soccer, basketball, racquet sports) are associated with higher BMD and enhanced bone geometry. 66 For most children and adolescents, walking, jogging, jumping, and dancing activities are better for bone health than are swimming or bicycle riding. Excessive high-impact exercise can, however, increase fracture risk. A prospective longitudinal study of 6831 high school girls found that those who participated in more than 8 hours per week of running, basketball, cheerleading, or gymnastics were twice as likely to sustain a fracture compared with less active girls. The authors suggested that girls who participate in these sports should also include cross-training in lower impact activities. 67 Lifestyle choices may also confer additional risk for BMD deficits. In adults, smoking, caffeine, and alcohol intake are all associated with reduced BMD, [68] [69] [70] and these behaviors should be avoided in children and adolescents.
BODY WEIGHT
Body weight and composition are important modifiable determinants of bone mass. Mechanical loading during weight-bearing activities stimulates bone formation, and multiple studies in healthy adolescents 8, [71] [72] [73] and in those with anorexia nervosa [74] [75] [76] [77] have demonstrated that BMD is directly correlated with BMI. Lean body mass is most strongly associated with BMD, 78 but increased adiposity can also be associated with increased fracture risk. 79 Maintenance of a healthy body weight during childhood and adolescence is therefore recommended to optimize bone health.
HORMONAL STATUS
Several hormones affect bone mass. Estrogen plays an important part in maintaining BMD in women, and estrogen deficiency is associated with increased bone resorption and increased fracture risk. Testosterone, growth hormone, and IGF-1 all promote bone formation, whereas glucocorticoid excess both increases bone resorption and impairs bone formation.
SECONDARY PREVENTION: ASSESSMENT OF POPULATIONS AT RISK FOR INCREASED BONE FRAGILITY Conditions Associated With Reduced Bone Mass in Children and Adolescents
Conditions associated with reduced bone mass and increased fracture risk in children and adolescents are listed in Table 6 . Osteogenesis imperfecta, idiopathic juvenile osteoporosis, and Turner syndrome are rare conditions with increased bone fragility, best managed by pediatric endocrinologists, geneticists, and specialists in pediatric bone health. Children with chronic illnesses are, however, frequently managed by general pediatricians. Cystic fibrosis, systemic lupus erythematosus, juvenile idiopathic arthritis, inflammatory bowel disease, celiac disease, chronic renal failure, childhood cancers, and cerebral palsy can all be associated with reduced bone mass. 78, [80] [81] [82] [83] [84] Risk factors include malnutrition, increased metabolic requirements, intestinal malabsorption, low body weight, chronic inflammation with increased cytokine production, hypogonadism, immobilization, and the effects of prolonged glucocorticoid therapy. Children with cerebral palsy are at particular risk. One study found that 77% of children with cerebral palsy had a femoral neck BMD z score less than -2.0, and 26% of children older than 10 years had sustained a fracture. 84 Eating disorders are prevalent in adolescents. 85 Anorexia nervosa is associated with reduced BMD and increased fracture risk, [74] [75] [76] [86] [87] [88] [89] and the reduction in bone mass occurs after a relatively short duration of illness. 74, 90 Etiologic factors include poor nutrition, low body weight, estrogen deficiency, and hypercortisolism. The degree of reduction of BMD is directly related to the degree of malnutrition, and in girls, is related to the duration of amenorrhea. Low BMD is also found in boys with anorexia nervosa and is associated with low testosterone concentrations. 91 Patients with partial eating disorders or those with bulimia nervosa may also have reduced bone mass, especially if they are or have been of low weight. 89, 92, 93 The "female athlete triad" refers to 3 interrelated conditions seen in female athletes: low energy availability, menstrual dysfunction, and reduced BMD. 94 Low energy availability refers to inadequate energy intake for the level of physical activity. The energy deficit may be unintentional secondary to a lack of knowledge regarding the increased energy requirements of athletes or it may be intentional and associated with an underlying eating disorder. There is suppression of the hypothalamic-pituitary-ovarian axis, resulting in amenorrhea, a low estrogen state, reduced bone mass, and increased fracture risk.
Endocrine conditions associated with glucocorticoid or PTH excess, hypogonadism, hyperthyroidism, or deficiency of growth hormone or IGF-1 are all associated with low bone mass (Table 6 ). Certain medications, including anticonvulsants and chemotherapeutic agents, prolonged use of proton pump inhibitors, and selective serotonin reuptake inhibitors, can also have a negative effect on bone mass. Depot medroxyprogesterone acetate (DMPA) is a very effective long-acting contraceptive that has been credited, to some degree, for the reduction in adolescent pregnancy rates in the United States over the past decade. Prolonged use of DMPA in adolescent girls is associated with hypothalamic suppression and reduced bone mass, however. 95 In 2004, the US Food and Drug Administration issued a black box warning to inform practitioners about the negative effects of DMPA on bone mass. Discontinuation of DMPA is associated with rapid improvements in bone mass, although it is not known how much of potential maximum peak bone mass is recovered. 96 For most adolescents, the risk of fracture while taking DMPA is low, and the benefit of taking the medication outweighs the risks. The Society for Adolescent Health and Medicine recommends continuing to prescribe DMPA to adolescent girls needing contraception but recommends explanation of the risks and benefits. 97 The American College of Obstetrics and Gynecology further states that concerns about the effect of DMPA on BMD should neither prevent practitioners from prescribing it nor limit its use to 2 consecutive years. 98 In adolescent girls, low-dose oral contraceptives containing less than 30 μg of ethinyl estradiol may interfere with peak bone mass acquisition compared with oral contraceptives containing ≥30 μg of ethinyl estradiol. 99, 100 Despite a possible reduction in BMD in oral contraceptive users, a recent Cochrane review of observational studies found no association between oral contraceptive use and increased fracture risk. 101 
Assessment of Bone Health
The ideal method of assessment of clinically relevant bone health is determination of fracture risk on the basis of longitudinal data. However, there is a paucity of longitudinal studies examining factors affecting bone health in children on the basis of incidence of fractures. Fracture risk depends not only on skeletal fragility but also on age, body weight, history of fractures, and the force of an injury. Skeletal fragility, in turn, is dependent on a number of factors in addition to bone mass, including bone size, geometry, microarchitecture, and bending strength. For example, bending strength depends on the radius of a bone, and a large bone will be more resistant to fracture than a smaller bone, even when both bones have the same BMC or BMD. Bone mass, which accounts for approximately 70% of bone strength, can be used as a surrogate measure of bone health, recognizing that a low bone mass in children does not necessarily translate to increased fracture risk.
Dual-energy x-ray absorptiometry (DXA) is the preferred method of assessment of bone mass because of its availability, speed, precision, and low dose of radiation (5-6 mSv for the lumbar spine, hip, and whole body, which is less than the radiation exposure of a transcontinental flight and one-tenth that of a standard chest radiograph). 102 DXA measures BMC and calculates areal BMD by dividing BMC by the area of the region scanned. DXA machines are widely available, and robust pediatric reference databases for children older than 5 years are included with the software of the major DXA manufacturers. [103] [104] [105] [106] In pediatric patients, the preferred sites of measurement are the lumbar spine and whole body. 107 In children, the hip is less reliable because of variability in positioning and difficulties identifying bony landmarks. Scanning time of the hip or spine is less than 1 minute; for the whole body, it is approximately 5 minutes. In adults, each SD reduction in BMD below the young adult mean doubles the fracture risk. Osteoporosis is operationally defined as a BMD 2.5 or more SDs below the young adult mean (a T score less than -2.5), and osteopenia is defined as a BMD ≥1 SD below the young adult mean (a T score of less than -1.0). However, caution should be used in interpreting DXA results in children. First, because children
have not yet achieved peak bone mass, z scores (the number of SDs below the age-matched mean) should be used instead of T scores. Second, DXA measures 2-dimensional areal BMD (expressed as grams per square centimeter), as opposed to 3-dimensional volumetric BMD (expressed in grams per cubic centimeter), and areal BMD underestimates true volumetric BMD in subjects with smaller bones. Third, many children with chronic illness have growth retardation and delayed puberty. Therefore, a correction should be made for height or height age, and a number of mathematical corrections have been proposed. [108] [109] [110] The International Society for Clinical Densitometry recommends that the term "osteopenia" no longer be used in pediatric DXA reports and that the diagnosis of osteoporosis not be made on the basis of DXA results alone. 107 In the pediatric age group, the diagnosis of osteoporosis requires both a low BMD or BMC (defined as a z score less than -2) and a clinically significant fracture (defined as a long-bone fracture of the lower extremity, a vertebral compression fracture, or 2 or more long-bone fractures of the upper extremity). 107, 111 Longitudinal studies in children and adolescents have demonstrated a high degree of tracking over a period of 3 years. 112 In other words, children with low bone density continue to have low bone density over time. In contrast to adults, in pediatrics, there is no specific BMD z score below which fractures are more likely to occur, but there is a growing body of literature demonstrating an association between low bone mass measured by using DXA and fracture risk in children. [113] [114] [115] Limited evidence is available to guide pediatricians regarding when to order a DXA. In general, a DXA should be performed to identify children and adolescents at risk for skeletal fragility fractures and to guide treatment decisions. The AAP' s "Clinical ReportBone Densitometry in Children and Adolescents" recommends ordering a DXA for children and adolescents with clinically significant fractures (defined earlier) sustained after minimal trauma (defined as falling from standing height or less) and in those with medical conditions associated with increased fracture risk. 116 Evidence is insufficient to support obtaining a DXA in children and adolescents taking medications that can adversely affect bone or in healthy children with recurrent traumatic fractures of the fingers or toes. DXA scans are usually repeated after 1 year and should not be repeated at an interval of less than 6 months.
Quantitative computed tomography measures true volumetric BMD, but the radiation exposure dose is high (30-7000 mSv). Newer modalities, such as peripheral quantitative computed tomography, can measure volumetric BMD of the appendicular skeleton with much lower radiation doses but are not widely available for clinical use. Quantitative ultrasonography is a noninvasive method of assessing bone health by measuring speed of an ultrasound wave as it is propagated along the surface of bone. This method is difficult to interpret because of a lack of pediatric reference data, however, and poor precision in the pediatric population.
TERTIARY PREVENTION: SPECIFIC TREATMENTS TO INCREASE BONE MASS IN POPULATIONS AT INCREASED RISK OF FRACTURE
In most chronic diseases associated with low BMD, treatment of the underlying condition helps improve bone mass, and specific interventions will depend on the underlying condition.
Calcium Supplementation
Depending on the medical condition, for those children and adolescents who are unable to consume enough calcium from dietary sources, including fortified foods, calcium supplementation can be prescribed. The most common forms of supplemental calcium are calcium carbonate (40% elemental calcium) and calcium citrate (21% elemental calcium).
Calcium carbonate should be taken with meals to promote absorption, but calcium citrate does not require gastric acid for absorption and can be taken on an empty stomach. 117 Calcium supplements are available in liquid, tablet, and chewable preparations.
Treatment of Vitamin D Deficiency
Screening for vitamin D deficiency by obtaining a serum 25-OH-D concentration is recommended in patients at increased risk of bone fragility and in those with recurrent low-impact fractures. Although a serum 25-OH-D concentration of 20 ng/mL is considered normal for healthy children and adolescents, some experts aim for achievement of a serum 25-OH-D concentration above 30 ng/mL in populations at increased risk of fracture, given the potential benefits and unlikely risk of toxicity of doses required to achieve this concentration (the upper limit for a child older than 9 years is 4000 IU/d). 118 Pediatric treatment regimens for vitamin D deficiency are outlined in Table 5 .
Bisphosphonates
Bisphosphonates inhibit osteoclastmediated bone resorption and have been used to increase BMD and reduce fracture risk in children with osteogenesis imperfecta, [119] [120] [121] cerebral palsy, 122 and connective tissue disorders 123, 124 and children treated with corticosteroids. 123, [125] [126] [127] Pilot studies have also been conducted in adolescents with anorexia nervosa. 128 In osteogenesis imperfecta, an openlabel study examining the use of cyclic administration of intravenous pamidronate reported reduced pain and fractures associated with dramatic increases in BMD. 119 A recent multicenter, randomized controlled trial found increases in lumbar spine BMD (51% vs 12% in control subjects) with oral alendronate but no significant change in fracture incidence. 121 Use of bisphosphonates in children remains controversial because of the potential adverse effects of these agents and their long half-lives. Bisphosphonates are incorporated into bone and may be slowly released from the bone even after the medication has been discontinued. Because of the paucity of studies on efficacy and long-term safety, at this time these agents should not be used to treat asymptomatic reduction in bone mass in children, and their use should be restricted to osteogenesis imperfecta and other select conditions with recurrent fractures, severe pain, or vertebral collapse. 129, 130 Oral Contraceptives
Adolescent girls with anorexia nervosa or the female athlete triad are frequently prescribed oral contraceptives to improve bone mass, even with no evidence of their efficacy. 131 Prospective cohort studies and randomized controlled trials have both shown that oral contraceptives do not increase bone mass in subjects with anorexia nervosa or in female athletes. 75, [132] [133] [134] [135] Because of this lack of demonstrated efficacy, their use is not recommended to increase bone mass. In girls with anorexia nervosa, oral contraceptives will induce monthly menstruation, which may be incorrectly interpreted as an indication of adequate weight restoration.
THE ROLE OF THE PEDIATRICIAN 6. In adolescent female subjects, discourage preoccupation with extreme thinness. A DXA should be considered in an adolescent athlete who has been amenorrheic for more than 6 months. Athletes, parents, and coaches should be educated about the female athlete triad. There is no evidence to support prescribing oral contraceptives to increase bone mass in those with anorexia nervosa or the female athlete triad.
7. Until more studies demonstrating safety and efficacy in other populations have been conducted, use of bisphosphonates in children and adolescents should be restricted to osteogenesis imperfecta and conditions associated with recurrent fractures, severe pain, or vertebral collapse.
